We used adult mice (25-32 g) for behavioral and histochemical studies. Tlr3 knockout mice (Tlr3  ; B6;129S1-Tlr3tm1Flv/J) and wild-type mice of the same genetic background (B6129SF1/J) were purchased from the Jackson Laboratories A targeting
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Mice
We used adult mice (25- 
Drugs and administration
We purchased histamine, compound 48/80, trypsin, chloroquine, serotonin, and TLR3 agonist polyribo-inosinic/cytidylic acid (PIC) from Sigma-Aldrich, histamine H1 receptor agonist histamine-trifluoromethyl-toluidine (HTMT), capsaicin, and the H4R-selective agonist 4-methylhistamine (4-MeHA) from Tocris, and endothelin-1 (ET-1) from ALEXIS Biochemicals. We also purchased the PAR2 agonist H-Ser-Leu-Ile-Gly-Arg-Leu-NH2
(SLIGRL-NH2) and the gastrin-releasing peptide fragment (GRP [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] ) from Bachem. We injected pruritic agents intradermally in the nape of the neck (50 l) or cheek (10 l),
respectively. Please see more details in the behavioral test session.
We also injected the following reagents intrathecally to target DRG and spinal cord cells. The TRIF peptide inhibitor and control peptide were from Invivogen. The antisense oligodeoxynucleotides (AS-ODN; 5'-AACAATTGCTTCAAGTCC-3') targeting TLR3 and the control mismatch ODN (MM-ODN; 5'-ACTACTACACTAGACTAC-3') were synthesized by Invitrogen according to the published sequences (2) . AS-ODN (10 μg) or MM-ODN (10 μg) were intrathecally injected once a day for 5 days. Selective siRNA targeting TLR3 (5'-GAAGAGGAAUGUUUAAAUCUU-3') and non-targeting control siRNA were synthesized by Dharmacon. siRNA was dissolved in RNase-free water at the concentration of 1 g/l as stock solution, and mixed with polyethyleneimine (PEI, Fermentas), 10 min before injection, to increase cell membrane penetration and reduce the degradation. PEI was dissolved in 5% glucose, and 1 g of siRNA was mixed with 0.18 l of PEI (3). We intrathecally injected 10 μl of siRNA (3 μg) once a day for 3 days to knockdown TLR3 expression. Capsaicin was dissolved in 10% DMSO. Other reagents were dissolved in sterile saline if not specified. Intrathecal injection was performed by a lumbar puncture to deliver reagent into cerebral spinal fluid. A successful spinal puncture was evidenced by a brisk tail-flick after the needle entry into subarachnoid space (4).
Behavioral testing for itch
Acute injection models. Mice were habituated to the testing environment daily for at least two days before analysis. Mice were shaved at the back of the neck the day before injection. We put mice in small plastic chambers (14 × 18 × 12 cm) on an elevated metal mesh floor and allowed 30 min for habituation before examination. We injected 50 l of pruritic agent intradermally in the nape of the neck and counted the number of scratches every 5 min for 30 min after the injection. A scratch was counted when a mouse lifted its hindpaw to scratch the shaved region and returned the paw to the floor or to the mouth for licking. On the basis of the previous reports (5, 6) and our recent study (7), we chose the following doses for pruritic agents: 25 ng for ET-1, 20 μg for 5-HT, 100 μg for HTMT, compound 48/80, and SLIGRL-NH2, 200 μg for chloroquine, 300 μg for trypsin, and 500 μg for histamine and 4-MeHA. We also injected diluted formalin (0.6%, 50 l)
in the nape to induce scratching behaviors. The experimenters were blinded to the genotypes of the animals.
Cheek model. To distinguish itch and pain responses simultaneously, we used the cheek model by injection of chemical into the cheek of mouse (8, 9) . After brief anesthesia with isoflurane, we shaved mice on cheeks (approx. 5×8 mm area) two days before experiments. On the day of experiment, we injected 10 μl of reagent (50 μg compound 48/80 or 100 μg chloroquine) into the cheek and counted the number of wipes and the number of scratches for 30 min. We only counted those unilateral wipes with the forelimb that were not part of grooming behavior. One scratch was defined as a lifting of the hind paw toward the injection site on the cheek and then returning the paw to the floor or to the mouth.
Dry skin-induced itch model. We produced a dry skin model to induce chronic itch, as described previously (10, 11) , by painting the neck skin with acetone and diethyether (1:1) following by water (AEW) twice a day for 7 days. We examined spontaneous itch by counting the number of scratches for 60 min on day 8 and 9.
Behavioral testing for pain
We habituated animals to the testing environment daily for at least two days before baseline testing. All the behavioral experimenters were done by individuals that were blinded to the treatment or genotypes of the mice.
von Frey test. We put mice in boxes on an elevated metal mesh floor and stimulated hindpaw with a series of von Frey hairs with logarithmically incrementing stiffness (0.02-2.56 grams, Stoelting), presented perpendicular to the plantar surface, and determined the 50% paw withdrawal threshold using up-down method (12) .
Randall-Selitto test. We used Randall-Selitto Analgesy-meter (Ugo basile, Italy) to examine mechanical sensitivity by applying ascending pressure to the tail of a mouse and determined the mechanical pain threshold when animal showed a clear sign of discomfort or escape, with a cutoff threshold of 250 g to avoid tissue damage (13) .
Hargreaves test. For testing heat sensitivity, we put mice in plastic boxes and measured the hindpaw withdrawal latency to Hargreaves radiate heat apparatus (IITC Life Science). We set a cutoff of 20 s to prevent potential tissue damage (14) .
Tail immersion test.
We used tail immersion test to assess heat pain sensitivity by keeping the tail of a mouse in hot water at 48, 50, or 52 o C and recorded the tail flick latency, with a cutoff time of 10 seconds as previous described (15) .
Capsaicin test. Capsaicin (1 and 10 μg in 20 μl 2.5% DMSO) was intraplantarly injected into one hindpaw, and the number of flinches was counted for the first 5 min.
Mustard oil test. Mustard oil (1 and 10 μg in 20 μl saline) was injected into the plantar surface of one hindpaw, and the duration of licking and flinching of the injected paw for the first 5 min.
Formalin test. Formalin (5% in 20 μl saline) was injected into the plantar surface of the left hind paw and the duration of licking and flinching was measured in 5 min bins for 45 min after the formalin injection (16) .
Primary and secondary mechanical hypersensitivity induced by capsaicin.
Capsaicin (5 μg in 10 μl of 2.5% DMSO) was intraplantarly injected into one hindpaw, and primary and secondary mechanical hypersensitivity was assessed by determine the response frequency to a von Frey filament (0.16 g) in the injected site (primary) or surrounding area (secondary) (17) .
Motor function testing
A Rota-rod system (IITC Life Science Inc.) was used to assess the motor function. Mice were tested for three trails separated by 10 min intervals. During the tests, the speed of rotation was accelerated from 2 to 20 r.p.m. in 3 min. The falling latency was recorded and averaged (18) .
Primary culture of DRG neurons
DRGs were removed aseptically from 4-week old mice and first incubated with collagenase 
Single-cell RT-PCR
Single-cell RT-PCR was performed as previously described (19) . Briefly, a single cell was aspirated into a patch pipette with a tip diameter of about 25 m, gently put into a reaction tube containing reverse transcription reagents, and incubated for 1 hr at 50°C ( 
RT-PCR
Total RNAs were isolated from spleen, DRG, brain, and spinal cord tissues of WT and GAPDH were used as an internal control. cDNA samples were amplified for 25-35 cycles by Taq DNA Polymerase (Invitrogen), and PCR products were separated on agarose gel. Gel image were captured in Gel Document System (Bio-Rad).
Real-time quantitative RT-PCR
We collected back hairy skins and cervical DRGs and isolated total RNAs using RNeasy
Plus Mini kit (Qiagen, Valencia, CA). One microgram of RNA was reverse transcribed for each sample using Omniscript reverse transcriptase according to the protocol of the manufacturer (Qiagen). Sequences for the forward and reverse primers for TLR2, TLR3, TLR4, TLR7, TLR9, Tryptase, Chymases, CD117 and NGF are described in the Supplementary Table 2 . Triplicate qPCR analyses were performed using the SYBR Green master mix (KAPA) and Opticon real-time PCR Detection System (Bio-Rad, Hercules, CA)
as described previously (20) .
Extraction of total RNAs for electrophysiology
Total RNAs were extracted from mouse brains using an RNeasy Plus Mini Kit (Qiagen).
gDNA eliminator columns were used to remove potential genomic DNA contamination according to the protocol developed by Qiagen. The quality of the total RNAs were tested using NanoDrop (Thermo Scientific) before use.
Patch-clamp recordings in dissociated DRG neurons
As we previously described (7), whole-cell voltage-and current-clamp recordings were performed at room temperature to measure currents and action potentials (APs), respectively, with Axopatch-200B amplifier (Axon Instruments, Union City, USA). The patch pipettes were pulled from borosilicate capillaries (Chase Scientific Glass Inc., Rockwood, CA, USA). When filled with the pipette solution, the resistance of the pipettes was 4 ~ 5 M. The recording chamber (volume 300 µl) was continuously superfused (2 ~ 3 ml/min). Series resistance was compensated for (> 80%), and leak subtraction was performed. Data were low-pass-filtered at 2 KHz, sampled at 10 KHz.
The pClamp8 (Axon Instruments) software was used during experiments and analysis. NaOH and osmolarity 300-310 mOsm.
Spinal cord slice preparation and patch clamp recordings
As we previously reported (21) Data were stored with a personal computer using pCLAMP 10 software and analyzed with Mini Analysis (Synaptosoft Inc.).
Spinal cord LTP recordings in anesthetized mice
Mi ce were anesthetized with urethane (1.5 g/kg, IP). The trachea was cannulated to allow mechanical ventilation, if necessary. PBS (0.5-1 ml, i.p.) was injected prior to surgery and every 2 h after surgery to maintain electrolyte balance. A laminectomy was performed at vertebrae T13-L1 to expose the lumbar enlargement, and the left sciatic nerve was exposed for bipolar electrical stimulation. The vertebral column was firmly suspended by rostral and caudal clamps on the stereotaxic frame. The exposed spinal cord and the sciatic nerve were covered with paraffin oil. Colorectal temperature was kept constant at 37-38°C by a feedback-controlled heating blanket. Following electrical stimulation of the sciatic nerve, the field potentials were recorded in the ipsilateral L4-5 spinal cord segments with glass microelectrodes, 100-300 μm from the surface of the cord. In vivo LTP was recorded as we previously reported (22) . After recording stable responses following test stimuli (2x C-fiber threshold, 0.5 ms, 1 min interval, every 5 min) for > 40 min, conditioning tetanic stimulation (5 times of C-fiber threshold, 100 Hz, 1 s, 4 trains, 10 s interval) was delivered to the sciatic nerve for inducing LTP of C-fiber-evoked field potentials.
In situ hybridization
Mice were terminally anesthetized with isoflurane and transcardially perfused with PBS and 4% paraformaldehyde. DRGs were collected and post-fixed overnight. DRG tissues were sectioned in a cryostat at a thickness of 12 m and mounted on Superfrost plus slides.
Two separate TLR3 riboprobes (0.34 and 0.76kb) and a riboprobe for pan-neuronal marker SCG10 were generated by PCR. The reverse primer contains T7 RNA polymerase binding sequence (TGTAATACGACTCACTATAGGGCG) for the generation of the antisense riboprobe. DNA sequences were transcribed in vitro with T7 RNA polymerase (Promega)
in the presence of digoxigenin-labeling mix. In situ hybridization was performed as we previously described (23, 24) . Briefly, sections were hybridized with TLR3 riboprobe (1 g/ml) or SCG10 riboprobe (1 g/ml) overnight at 65°C. After washing, sections were blocked with 20% serum for 1 h at room temperature followed by incubation with alkaline phosphatase-conjugated anti-digoxigen antibody (1:2000; Roche Diagnostics) overnight at 4°C. Sections were then incubated with a mixture of nitro-blue tetrazolium (NBT) and 5-bromo-4-chloro-3-indolyl-phosphate (BCIP) in alkaline phosphatase buffer for 24-48 h for color development. In situ hybridization images were captured with a Nikon microscope under bright-field.
Immunohistochemistry
Mice were terminally anesthetized with isoflurane and perfused through the ascending aorta with saline followed by 4% paraformaldehyde. We collected DRGs, dorsal roots, sciatic nerves, skins, and spinal cords and postfixed these tissues in the same fixative overnight. The DRG, dorsal root, and sciatic nerve sections were cut at the thickness of 14-μm and the spinal cord sections (free floating) were cut at the thickness of 30-μm in a cryostat. The tissue sections were blocked with 2% goat serum, and incubated over night at To enhance the signal of GRP immunostaining, TSA (Tyramide Signal Amplification) kit (Perkin Elmer, MA) was used for some tissue sections. In brief, after the primary antibody incubation, the sections were incubated with a biotinylated-secondary antibody (1:400, 1 h at room temperature), followed by avidin-streptin incubation (1:100, 1 h at room temperature), and finally by tyramide incubation (1:50, 5 min at room temperature).
We also performed immunostaining on cultured DRG neurons. DRG cultures were prepared as above described and were grown in slide chambers for 24 hours and fixed with 
Calcium imaging from cultured DRG neurons
DRGs from all spinal levels of 4-week old mice were collected in cold DH10 (90% DMEM/F-12, 10% FBS, 100 U/ml penicillin, and 100 µg/ml Streptomycin, Gibco) and showing calcium responses were determined as we previously described (26) .
Western blotting
Mice were terminally anesthetized with isoflurane and transcardially perfused with PBS, and the DRGs were rapidly removed and homogenized in a lysis buffer containing a cocktail of protease inhibitors and phosphatase inhibitors. The protein concentrations were determined by BCA Protein Assay (Pierce), and 30 g of proteins were loaded for each lane and separated on SDS-PAGE gel (4-15%, Bio-Rad). After the transfer, the blots were incubated overnight at 4°C with polyclonal antibody against TLR3 (rabbit, 1:500, Imgenex). For loading control, the blots were probed with GAPDH antibody (rabbit, 1:10000, Sigma).
Histology
Mice were terminally anesthetized with isoflurane and the back hairy skins and hindpaw 
